Introduction/Objective: The objective of this study was to develop an algorithm to identify Kaiser Permanente Colorado (KPCO) members with a history of cancer.
Introduction and Objectives
Tumor registries are considered the "gold standard" for identifying incident cancer; that is, identifying new cancer cases within a defined population within a defined period. 1 The case finding procedures used by tumor registrars do not focus on the capture of prevalent cancer, or on indications of a history of cancer. We are interested in developing a prospective cohort to study the development of incident cancer over time. For such studies, it is important to begin with a population with no prior cancer history. In order to identify all cancers, the tumor registry may not be the only data source. The objective of this study was to develop an algorithm that used data available from the electronic medical record (EMR) that could identify individuals with a history of cancer, which included data sources to supplement the tumor registry.
Background
Health systems that capture clinical data in an EMR system find many ways to use these data to improve health care and answer important scientific questions. [2] [3] [4] [5] [6] [7] Kaiser Permanente Colorado (KPCO) is an integrated health plan with EMR data collected over several decades, including information such as medication use, medical conditions, laboratory test results, disease onset, and subsequent treatment. When paired with a tumor registry, the EMR can be a powerful tool for conducting studies of cancer incidence and prognosis; however, EMR data are not without limitations. In particular, events occurring outside of the health plan are not well captured in most EMRs.
KPCO maintains a tumor registry dating back to 1989, and it is used reliably to identify incident cancer diagnosed and treated within KPCO. 1, 2 Cancers diagnosed and treated outside of KPCO, usually prior to KPCO membership, are not followed in the tumor registry. Recently diagnosed cases may also be missed, because the tumor registry has a lag time of about 12 months. We sought to identify a cohort of adults from our current KPCO member population who had never been diagnosed with cancer. To accomplish this, we used our electronic data systems to develop an algorithm to identify individuals with a history of cancer, and validated the algorithm using manual chart reviews.
Methods
KPCO maintains an EMR for each of its members. Data from the EMR are collected into a virtual data warehouse (VDW), which contains content areas such as pharmacy (including chemotherapy), inpatient and outpatient claims, enrollment, and patient demographics. [8] [9] [10] We included all KPCO members between the ages of 40-75 years who were continuously enrolled during 2013. We used administrative and EMR data including the tumor registry, chemotherapy files, and inpatient and outpatient claims to identify those with a high likelihood of prior cancer. This project was reviewed and approved by the KPCO institutional review board (IRB). The requirement for informed consent was waived.
Our goal was to identify individuals with any prior cancer, with the exception of nonmelanoma skin cancer. Thus, for the initial algorithm, we cast a wide net to capture any possible incidence or history of cancer. Patients who ever had a behavior code indicating an in situ or invasive cancer from the tumor registry were flagged as having a history of cancer. We flagged anyone who ever had an inpatient or outpatient claim with an International Classification of Disease Ninth Edition (ICD-9) code indicating cancer. We also flagged any patient who had at least three visits in the oncology department on separate days, or at least two records on separate days of receiving a chemotherapeutic drug (specific codes are provided in Table 1 ), dating back to the beginning of our EMR in 1998. To test the algorithm, we conducted manual chart reviews, powered on specificity.
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We randomly selected 297 charts from KPCO members who had any utilization in 2013. Of these, 69 patients were identified by the algorithm as having a history of cancer, and 228 patients were classified by the algorithm as cancer free. Cancer risk increases with age, so for the chart review we oversampled those older than the median age using a ratio of 2:1. We used a ratio of approximately 4:1 of individuals flagged as cancer free to those with cancer. Sampling 228 cancer-free individuals could detect an 80 percent specificity with a 95 percent confidence interval (CI) of 75 percent to 85 percent. Finally, we excluded cases from chart review that were flagged by the tumor registry-as we consider the tumor registry to be a validated source for identifying incident cancer, and our aim was to develop a method to identify cancers not included in the tumor registry. We used PROC SURVEYSELECT (SAS 9.2) to obtain a weighted random sample fitting the above criteria.
Each chart was fully reviewed to find any mention of cancer, or to confirm there was no history of cancer-using all notes in the chart dating back to the beginning of a patient's enrollment, or to the beginning of the EMR in 1998 (up to 15 years of medical utilization and history). The chart reviewer first looked for the exact date of diagnosis for patients who had been flagged with a history of cancer. If a diagnosis for cancer was not found, the reviewer then examined the chart from the administrative diagnosis date in the EMR going forward in time for a mention of cancer. Patients who were not identified as having cancer were fully reviewed from the start of the EMR forward. We did not review medical record data prior to 1998 (available in paper charts), as it is unlikely that information about cancer history would only be recorded prior to 1998 and not captured in EMRs spanning 1998-2013.
We calculated sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for occurrence of cancer, and used the chart review results to identify specific codes or logic patterns that could improve the performance of the algorithm. 13 CIs were calculated using the efficientscore method corrected for continuity.
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Based on the results of the first chart review, we refined the algorithm, then conducted a second review of 200 novel charts, using the same sampling criteria specified above; except we selected those flagged as not having cancer in a ratio of 2:1 (137 no indication of cancer, 63 flagged with a history of cancer), and recalculated the aforementioned statistics. The second chart review of 137 charts for those who were flagged as cancer free could detect an 80 percent specificity with a 95 percent CI of 73 percent to 87 percent. Table  2 describes the number of people with a history of cancer identified by each "flag" specified in the initial algorithm. As we would expect, a large proportion of cases (n=11,410; 44.2 percent), were included in the tumor registry. Another 8,906 (34.5 percent) were identified with only a diagnosis code of cancer; 2,348 (9.1 percent) had only a receipt of chemotherapy; and having at least three visits to oncology accounted for 1,570 (6.1 percent) cases. The remaining 1,590 (6.2 percent) cases were a combination of the aforementioned categories.
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Using manual chart review as the gold standard, the sensitivity, specificity and NPV for a history of cancer from the first iteration of the algorithm (algorithm V1) were all relatively high (92.3 percent, 87.2 percent, and 98.7 percent, respectively); however, the PPV was low (52.2 percent) ( Figure  1) . Of the 69 patients identified by the algorithm as having cancer, 8 (11.6 percent) were identified by oncology visits only, 10 (14.5 percent) were identified by chemotherapy visits only, and 5 (7.3 percent) had both chemotherapy and oncology visits, but did not have any diagnosis of cancer. Of those 23 patients, only 1 was confirmed to have cancer through chart review. We reviewed these 23 further to determine why these patients had encounters consistent with cancer treatment, but no evidence in the medical record indicated a cancer diagnosis. This review revealed that patients may be seen in oncology (Figure 1 ). We then ran the revised algorithm on the full data set and conducted a second manual review on a new sample of charts. This second version of the algorithm had a sensitivity of 100 percent, specificity of 84.6 percent, NPV of 100 percent, and PPV of 60.3 percent on the second chart review, a marked improvement from version one (Figure 1) . 
Note: The distribution of individuals with cancer is skewed to older ages, which is expected.
Using the second version of the algorithm, most cases-19,278 (89.3 percent)-were identified as having cancers prior to 2013. Nearly half of the cancers identified were not in the tumor registry (N=10,172; 47 percent), and of those, 9,241 (91 percent) were identified prior to 2013. The top cancer indications that were not in the tumor registry prior to 2013 were "history of breast cancer," "diagnosis of stage 1 breast cancer," "history of malignant melanoma," "history of prostate cancer," and "diagnosis of prostate cancer," which accounted for 37 percent of diagnoses prior to 2013 not in the tumor registry. Of those with prior cancer, 60 percent were women. Members flagged as having cancer were significantly older than those without; the median age was 64 years and 56 years, respectively (p < 0.0001). Figure 2 shows the age distribution of the cancer and noncancer populations. 
Discussion
We developed an algorithm with high sensitivity (100 percent) and specificity (84.6 percent) to identify patients with a history of cancer using administrative data routinely captured in an EMR. Our final algorithm identified 10.7 percent of all health plan members ages 40-75 years with a history of cancer; nearly half (47 percent) of these cases would have been missed if we relied on the tumor registry alone.
Our intent was to create an algorithm to identify anyone with a history of cancer, so that those individuals could be excluded from an analytic cohort, leaving only cancer-free individuals. Because cancer is a rare disease, the remaining cohort of cancer-free individuals would be large, and we were thus willing to except a somewhat lower specificity.
In the first version of the algorithm, chart review revealed that receipt of chemotherapy or visits to oncology alone contributed to an unacceptably low PPV (52.2 percent). In particular, infused therapies are not always administered for treatment of cancer; we identified patients receiving infusions for ITP or other conditions being mistakenly flagged as cancer cases. In the final version of the algorithm, the sensitivity and PPV were improved when a diagnosis code for cancer was required to accompany oncology visits or chemotherapy administration.
The PPV of this algorithm was modest (60.3 percent), a reflection of both the specificity and the prevalence of cancer in our study population. When the prevalence of a disease is low, the PPV will not be close to 1, even if both sensitivity and specificity are high. 14 In the final version of the algorithm, our false positive rate was 15 percent; thus, in our sample of 21,582 people flagged as having cancer, we excluded 3,331 people who did not have a history of cancer. The remaining sample (n=180,205) was sufficiently large to create a cancer-free cohort. However, for other applications, this false positive rate may be unacceptably high, and one may wish to improve the specificity of this algorithm.
Our methods have other limitations that should be considered. First, we limited our cohort to adults who are ages 40-75 years; the algorithm may perform differently in other age groups. Second, it is likely that we still included people with prior cancer, in that we depend on the patients to report prior cancer to their medical providers, and for those providers to record the information using a diagnosis code. We did not review medical records prior to 1998 (available in paper charts). Although unlikely, it is possible that information about cancer history would only be recorded prior to 1998 and not captured in EMRs spanning the next 15 years. In such instances, we would have erroneously classified people with a history of cancer as "cancer free." People who have little interaction with the medical system, or who are newer members of the health plan, are more likely to have an incomplete medical history. Given that the average length of KPCO membership in this population was 8.75 years, the magnitude of this error is likely small.
We have not validated this algorithm in other data systems; however, this algorithm and these methods should be generalizable to other health plans with EMR systems. We used codes such as ICD-9 that are readily available in other systems (Table 1) . KPCO has a well-developed and validated tumor registry; organizations without a tumor registry, or with a less complete registry, could find this algorithm useful to identify all cancer cases (not just prior cancers) for research purposes. This algorithm is useful for identifying a cancer-free study population that may be desirable for any number of research questionsfor example, to study conditions such as heart failure 15 that may be more common among those with a history of cancer. Our algorithm may not perform as well in other EMR systems where the data are not as complete as those at KPCO. The KPCO
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EMR system dates back to 1998, and the accuracy of our data has been validated in previous studies. [16] [17] [18] [19] This algorithm, like other algorithms, depends on complete and accurate data; additional validation may be required when applying it to EMR data that are not as well developed as the KPCO EMR.
Conclusion
We developed an algorithm with high sensitivity (100 percent) and specificity (84.6 percent) to identify patients with a history of cancer using administrative data routinely captured in an EMR. It is not sufficient to rely on the tumor registry alone to capture those with a history of cancer. Casting a wide net will help ensure that anyone with a history of cancer, whether diagnosed recently or prior to joining the health plan, will be identified. This algorithm could be applied to other health plans with similar data coding systems.
